INTRODUCTION
The construction of a new or the modernization of an existing sewage treatment plant should be preceded by detailed and precise research concerning the amount of inflow wastewater and the load of pollutants contained in this wastewater [BARTOSZEWSKI 2000] . The mistakes made at the project stage in terms of determining the amount of wastewater and loads of particular pollutants will result in malfunctions in the exploitation of the facility and consequently the reduced efficiency of sewage treatment. The data (adopted to the design of wastewater treatment technology) commonly referred to as typical data, which are often taken from literature, may be irrelevant to the actual values observed in a certain case [KACZOR 2009; KACZOR, PAWEŁEK 2002 ; WOŹ-NIAK-VECCHIE, BUGAJSKI 2011] . In Poland, the majority of the currently used and newly designed sewage treatment plants are based on the technology of activated sludge [PAWEŁEK 2016; PAWĘSKA, BAWIEC 2017] . The method based on activated sludge microorganisms is sensitive both to the variability of the amount of wastewater and the variability of the load of pollutants contained in this wastewater [BARNARD 2000 , JÓŹWIAKOWSKI et al. 2017 SIWIEC et al. 2012; TAKÁCS 2008] . A frequently hydraulic problem of wastewater treatment plant is the periodic quantity excess of sewage on the inflow. Mostly the reasons of this problem are illegal discharge of rainwater to the sewage system. The larger inflow sewage into treatment plant than assumptions in the project is the reason of reduce retention time of sewage in technological devices, thereby reduce sedimentation and flotation time. It also reason of reduce time which is necessary to decomposition of organic and inorganic pollutants in biological reactor [KACZOR 2012; KACZOR et al. 2017] . The only possibility to prevent this type of problems (discharge of rainwater) is monitoring of sewage system and elimination of illegal connections to sewage system [KACZOR et al. 2013] . Furthermore, there are many factors that have an impact on the proper metabolism of activated sludge microorganisms. These factors include the type of chemicals, temperature, pH, content of oxygen and the amount of a pollutant load in activated sludge [BUGAJSKI 2011; FELICJANIAK, URBANIAK 2010; WAŁĘGA et al. 2014 ]. An additional factor affecting the type of technology of its modernization is the presence of an industrial wastewater or/and precipitation water additive in household wastewater [BUGAJSKI, SATORA 2011; BUGAJSKI et al. 2017] . Industrial wastewater is characterized by a definitely other type and amount of pollutant loads than domestic wastewater [KRZANOW-SKI et al. 2008; MASSÉ, MASSE 2000; NOWOBILSKA--LUBERDA et al. 2013] . Attendance of industrial wastewater in domestic sewage inflow into the treatment plant, can be the reason of interference in purification process, and also can lead to deterioration of the natural environment [RATAJCZYK et al. 2015; ŚWIERK 2016] . Such an example can be the sewage system in Nowy Targ, where there is the tanning industry. Post-production wastewater from this industry contains high amounts of chromium ions [PRZYWARA 2017] . This type of sewage cannot be directly introduced into the sewage system without prior pretreatment, but many factories illegally discharge it directly into the sewage system. It is difficult or even impossible to completely eliminate this phenomenon. Therefore, it is important to accurately diagnose the charge of chromium ions in the incoming wastewater and consider these quantities in the modernization of wastewater treatment plant [MENDRYCKA, STAWARZ 2012] .
MATERIAL AND METHODS
The aim of this study is to analyse the size and variability of the average daily loads of pollutants flowing into wastewater at the collective sewage treatment plant in Nowy Targ. The work analysed organic pollutants expressed by COD and BOD 5 ratios, biogenic impurities expressed by the following indicators: total nitrogen (N tot ) and total phosphorus (P tot ), as well as the load of chromium ions (Cr). The researches were carried out in the years [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] The average frequency for collection and analysis of wastewater was 4 times a month. Raw sewage samples were taken from inflow channel by autosampler, which was programmed in relation to the flow rate of the sewage.
The scope of researches in the analytical part covered the variability of pollutants in particular years. Moreover, the study presents characteristic values of an average daily load in individual months in the examined multiannual period. The results of the analysis contribute to determine the duration of nitrification and denitrification processes in the modelling of the technology of sequential reactors (SBR systems) in the sewage treatment plant in Nowy Targin the aspect of their modernization in order to improve the efficiency of pollution removal. The daily load of particular types of pollutants was determined on the basis of the following equation (1):
where:
).
Characteristics of the sewage system
The sewage system in Nowy Targ has a length of 86.9 km, The system is divided into two water catchment areas. The first one includes Szaflary Axle, the second one Ludźmierz Axle. The sanitary network is made of stoneware pipes (about 40%), concrete (about 10%) and wipro (about 10%) with diameters from 200 to 400 mm. At present the sewage system is based on new technologies; mainly from PVC pipes as well as from new generation stoneware as well as composite pipes made of fiberglass reinforced plastic. The sewage from the sanitary sewage network to the sewage treatment plant is drained by the gravity method and in a small part with four sewage pumping stations. Today, the sewage system is used by 47 537 residents. Additionally, 60 legally operated furrier's production facility are connected to the sewage system. They discharge industrial wastewater. Household and industrial effluent wastewater flow into the collective mechanical and biological sewage treatment plant with the designed flow capacity Q śr.d. = 21 000 m 3 ·d -1
and PE (population equivalent) = 116 000. In the sanitary sewage system which was analyzed, also exist problem with illegal discharge of rainwater to the sewage system. Based on the information from the employees of the wastewater treatment plant, it was found that rainwater is 12% of total amount of wastewater.
RESULTS
The analysis of sizes of individual loads for the determined indicators was based on the knowledge of the concentration of a certain parameter in wastewater inflows and the amount of raw wastewater inflows on the day of collection of the wastewater sample. The analysis of the size of loads in wastewater that flow into the sewage treatment plant was developed in two stages. The first stage enabled to determine the size and variability for loads of the selected parameters in individual years in the 11-year study period. The second stage helped to obtain characteristic values in individual months in the multiannual period.
In the period from 2006 to 2016, the average daily flow of wastewater to the above-mentioned sewage treatment plant oscillated at a level of 13 924.6 m 3 ·d -1
and this inflow was lower by 33.7% than the projected value. Therefore, the facility was hydraulically under-loaded in the research period. However, it should be noted that in the studied years, the average daily inflow of wastewater was variable and ranged from the minimum inflow that occurred in 2011 and it amounted to (average) 12 345,6 m 3 ·d -1 to the maximum in 2006 (17 099,6 m 3 ·d -1 ). In the last 3 years of observation, the average daily inflow of wastewater has stabilized at the level of approx. 13 700 m 3 ·d -1
and it is considered as reliable. The daily irregularity of inflowing wastewater mainly results from the fact of inflow of accidental water, i.e. rainwater that flows into roof gutters from the sanitary sewage system (illegally connected to the system). Currently, the monitoring of the sewage network is carried out -in order to detect and eliminate this type of connections, because this increases the costs of wastewater treatment.
In the examined period, the daily load of BOD 5 in raw wastewater oscillated in the range from 5 024 to 8 332 kg·d -1 . The average daily load of BOD 5 was 7 053 kg·d -1 , while the median was 7 146 kg·d -1 . Therefore, it can be assumed that in 1 m 3 of wastewater that flow in the sewage treatment plant, there is about 0.51 kg of BOD 5 . In the case of the second indicator determining the size of organic pollutions (in the form of COD), large fluctuations of the average daily load of these parameters during the test period were registered. These fluctuations ranged from 15 516 to 29 060 kg·d -1 . During the whole study period, the average daily load of COD was 23 437 kg·d Figure 1 .
The average daily total nitrogen load in inflow wastewater to the analysed sewage treatment plant was 1 464 kg·d -1 , while the median was 1 261 kg·d -1 . In the case of the first of the analysed biogenic indicators -total nitrogen, a large variation in the load of this parameter in wastewater inflows in individuals . The average daily total phosphorus load in the examined period was 197 kg·d -1 and the median was exactly at the same level -197 kg·d -1 . Bearing in mind the average daily inflow of wastewater and the average daily total phosphorus load, it was stated that in 1 m 3 of wastewater there is approx. 0.014 kg of total phosphorus. The quantities of biogenic pollution loads expressed by the parameters of total nitrogen and total phosphorus in wastewater inflows in the multiannual period 2006-2016 were presented in Figure 2 . The load variability of these two indicators in individual years does not always correlate with the amount of wastewater inflowing to the treatment plant. This can be seen in the example of year 2009 and 2010. In these years, we have seen an increase in precipitation water into the sewage system, which contains lower concentrations of biological compounds. So in the same amount of sewage was the smaller load of these parameters. The same situation was also observed with respect to chromium ions (Fig. 3.) The average daily load of chromium ions in raw wastewater over the 11-year period was 129 kg·d -1 , while the median was 126 kg·d -1 . During the study period, there were large variations concerning the load of chromium in wastewater inflows in particular years. The smallest average daily load of chromium in wastewater inflows was recorded in 2010 and it was nearly 68 kg·d The second part of the analysis discussed the characteristics of pollutant loads observed in wastewater in particular months in multiannual period 2006-2016. This part of the analysis was carried out taking into account all the loads that occurred in individual months on the year in the 11-year study period. In the case of BOD 5 load, the highest average daily size of the load was recorded in February and it amounted to 8 375 kg·d -1 , while the lowest size of the load was recorded in April -its average level was 6 096 kg·d -1 . The difference between minimum and maximum size of BOD 5 load was 2 279 kg·d -1 . In comparison to the average size of BOD 5 load, which was in wastewater throughout the study period, the maximum size was 10% higher than the average size, and the minimum size was 14% lower than the average size. In each monthly period, large variations of BOD 5 load in raw wastewater were observed. The highest differences between the minimum and maximum load of this parameter were stated in months: February and June, while the lowest differences occurred in months: August and September. The highest BOD 5 load recorded during the study period was at the level of 27 390 kg·d . By comparing the maximum and minimum load to the average size of COD load (observed in wastewater over the entire study period), it was found that the maximum size was 11% higher than the average size, and the minimum size was 13.5% lower than the average size. The highest differences between the minimum and maximum value were observed in January and August, while the smallest differences were determined in May and September. The maximum value of COD load was recorded in August at the level of 72 658 kg·d -1 . This means that on that day, in 1 m 3 of raw wastewater there was 5.3 kg of COD. The characteristic sizes of COD load on a monthly basis are shown in Figure 5 . . The difference between these sizes of load was 593 kg·d -1 . By comparing the maximum and minimum load to the average size of total nitrogen load observed in wastewater inflows, it was stated that the maximum size was 33.5% higher than the average size and the minimum size was 7% lower than the average size. Similarly as in the case of organic indicators, with respect to the load of total nitrogen, the values of 700-800 kg of nitrogen in a daily period were observed. The maximum load of total nitrogen was recorded in September at the level of 7 934 kg·d -1 , indicating that on this day there was 0.57 kg of total nitrogen in 1 m 3 of wastewater. The characteristic sizes of total nitrogen load on a monthly basis are shown in Figure 6 . The second biogenic indicator, i.e. the average daily load of total phosphorus, was characterized by a variability from the maximum value that occurred in August at the level of 237 kg·d -1 to the lowest value of 157 kg·d -1 observed in April. The difference between the maximum and minimum load was 80 kg·d -1 . The maximum load was 20.3% higher than the average load, while the minimum load of total phosphorus was 20.4% lower than the average load. In this case, wastewater flows with high average daily load of total phosphorus were recorded. The maximum average daily load of this parameter was recorded in June and it was at the level of 596 kg·d -1
. This means that in 1 m 3 of raw wastewater, there was 0.04 kg of total phosphorus. The characteristic values for the load of total phosphorus on a monthly basis are presented in Figure 7 .
The average daily load of chromium ions ranged from 104 kg·d -1 in April to 163 kg·d -1 in December. The difference between the minimum and maximum load is 59 kg·d -1 . The maximum load of this parameter was 26.3% higher than the average load, while the minimum load was 19.4% lower than the average load. In the case of the average daily load of chromium ions, the maximum volume was recorded in March and it amounted to 994 kg·d -1 . On the day, when this maximum load appeared, it was stated that 0.07 kg of chromium ions was in 1 m 3 of raw wastewater. The characteristic values of chromium ion load on a monthly basis are shown in Figure 8 . In summarizing this part of the analysis, in relation to all analysed indicators of pollutions, large fluctuations of pollution loads in raw wastewater were found in practically each monthly period. In the analysed period, the average daily load of organic pollutants, determined by BOD 5 and COD indicators, amounted to 7 053 and 23 437 kg·d -1 , respectively. On a monthly basis, the average daily load of BOD 5 ranged from 6 096 kg·d -1 in April to 8 375 kg·d -1 in February. On a monthly basis, the average daily load of COD ranged from 15 516 kg·d -1 in April to 29 060 kg·d -1 in August. In the 11-year study period, the average daily loads of biogenic pollutions (expressed by indicators of total nitrogen and total phosphorus) amounted to 1 464 kg·d -1 for nitrogen and 197 kg·d -1 for phosphorus. In the examined period (in individual months), the fluctuations of the load for both biogenic indicators were stated. For total nitrogen from 1 363 kg·d -1 (June) to 1 956 kg·d -1 (February) and for total phosphorus from 157 kg·d -1 (April) to 237 kg·d -1 (August). In the examined period, the average daily load of chromium ions in raw wastewater was at the level of 129 kg·d -1 , with fluctuations in particular months from 104 kg·d -1 in April to 163 kg·d -1 in December.
